Aims: Although electroconvulsive therapy (ECT) is effective for various psychiatric disorders, its therapeutic effect depends on the occurrence of adequate seizures.
| INTRODUCTION
Electroconvulsive therapy (ECT) is an effective and widely practiced therapeutic procedure in clinical psychiatry. 1 Since its origins in the 16th century, it has become recognized that generalized epileptic seizures are essential for the therapeutic efficacy of ECT. To maximize the benefit and minimize the risk of ECT, many technical variations have been developed. 2 One form of variation is the placement of the electrode, which may be bitemporal, bifrontal, or right unilateral. 3 In general, bilateral (ie, bitemporal and bifrontal) placement is preferred when rapid improvement of clinical symptoms is needed, whereas right unilateral placement is selected in cases where cognitive side effects should be minimized. 4, 5 Furthermore, the intensity of the electric stimulation can be adjusted. Though many practitioners use an empirical titration procedure, the simplest formulas adjust the initial intensity to the patient's age (eg, a 40-year-old patient receives 40% stimulus in %Energy dial of Thymatron ® System IV), adjust it to half of the patient's age (eg, a 40-year-old patient receives 20% stimulus), or use a fixed electrical dosage (eg, 100%). 6 However, as with any formula, the seizure threshold may rise during the treatment courses of ECT and clinicians sometimes encounter patients for whom adequate seizures cannot be elicited. 7 
| ECT administration
A Thymatron ® System IV (Somatics LLC) and its LOW 0.5 program (0.5 ms pulse width) were used in accordance with the manufacturer's instructions. The specifications of the Thymatron ® System IV hardware and software in Japan are identical to those in the USA (ie, the maximum 100% %Energy dial delivers 504 mC stimulation).
Routine anesthetic agents used during treatment included thiamylal sodium 1.3-7.7 mg/kg, rocuronium bromide 0. 10 The maximal number of stimulations in a single session was three.
| Therapeutic outcome measurement
The efficacy of the treatment was estimated by the Global Assessment of Functioning (GAF) score 11 at the time of admission and discharge. No cognitive assessments were performed. Two patients did not respond to serial switching trials, namely a 56-year-old male with a schizoaffective disorder who did not develop adequate seizures in three switching sessions and a 75-yearold female with schizophrenia who did not respond to two serial switching trials. However, she later developed adequate seizures with 504 mC bilateral stimulation. We typically needed to use this switching procedure in the middle of each treatment course (the fifth session, on average; min. first session, max. 12th session). In three courses, switching was needed from the first session; in these cases, the seizure thresholds were already known to be high. Table 2 .
| RESULTS

By
| DISCUSSION
The reason why right unilateral stimulation can elicit seizures in cases unresponsive to bilateral stimulation is likely related to differences in seizure thresholds between the types of stimulus and electrode placement. The seizure threshold is reported to be lower in unilateral ECT than in bilateral ECT, 7, 12, 13 and this phenomenon may be the mechanism of our findings.
We 14,15
In our report, except for a minority of cases in which the seizure thresholds were known to be high in advance, most cases became unresponsive to the maximum bilateral stimuli in the middle of the Although our study population consisted mainly of chronic schizophrenia patients, it also included patients with mood disorders.
In addition, both sexes were represented, and patients were of wide ages, ranging from 30s to 70s. Thus, it is expected that this switching method is capable of inducing adequate seizures in a wide range of patients if bilateral stimulation at maximum intensity fails. In Japan, where the maximal electrical intensity of ECT stimulation is limited to 504 mC, we often encounter patients who do not develop adequate seizures even with the strongest stimuli.
Although we can induce seizures by the switching method even when bilateral maximum stimulation fails, the efficacy of such seizures requires further evaluation. Although most cases in our study showed improvement in GAF score, this is an indirect estimation that may result from the summation of various kinds of psychiatric therapies, including unilateral ECT, bilateral ECT, psychotropic medication, and psychotherapy. It has been pointed out that right unilateral stimuli barely above the threshold are therapeutically weak. [27] [28] [29] [30] In our switching method, right unilateral ECT was performed in patients whose thresholds are high enough not to develop adequate seizures even with maximum bilateral stimulations. Thus, in our case, the intensity of stimulation may not have reached the desirable level, which is thought to be 2.5-8 times greater than the seizure threshold. 30, 31 The optimization of the electrical intensity in these situations needs further study including dose titration of stimuli. Cases have been described where initial right unilateral ECT was ineffective and bilateral ECT was required later in the treatment course. 17, 32 In these cases, switching back to unilateral ECT may not be effective (however, in Japan, starting an ECT course with right unilateral stimulation is not common). Though Kawashima et al 26 reported a case of remission with bilateral to unilateral switching, future studies with more elaborate designs and specific ratings of symptoms are needed to determine the efficacy of this switching method. More homogenous subjects (eg, a diagnosis restricted to depression) might demonstrate the efficacy more clearly.
We believe that the most practical clinical application of our findings is as follows. In an emergent psychiatric case, bilateral ECT is started, but elevation of seizure threshold interrupts the occurrence of adequate seizures even with maximal stimulation. In this situation, switching from bilateral to right unilateral ECT may elicit adequate seizures and allow for completion of the treatment course.
Although right unilateral ECT was previously regarded as a safer but less effective method, 9 it might be useful in this particular application.
In summary, switching from bilateral to unilateral electrode placement may be a simple clinical option for eliciting adequate seizures in high seizure threshold cases.
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